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Abstract 
The paper discusses the possible economic effect on regional development by developing applicable methodology and analysing 
differences in costs, both operational costs and initial investments, of two types of buses serving urban public transportation 
systems – diesel fuelled internal combustion engine bus and battery electric bus. Comparison of initial investments to operate the 
both types of buses shows large initial investments involved when electric energy is being added/used. At the same time 
operational costs, including energy costs, show opposite picture, especially with large annual distances covered – electrical 
energy is substantially cheaper. The research shows, that within current state of affairs in Latvia, initial investments of changing 
public transportation fleet to electric buses and the costs of battery replacement still outweighs the monetary advantages gained 
from lower operational costs and additional environmental benefits. 
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1. Introduction 
The global movement towards cleaner transportation currently is very topical. European Commission has lately 
announced a number of climate actions oriented towards greener transportation, as more than 21% of CO2 emissions 
in European Union (EU) has been allocated to vehicle emissions (European Commission Road… 2014); 
furthermore, transport sector is the only sector whose emissions keep increasing (European Commission Results… 
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2007). Hence European Commission White Paper ‘Roadmap to a Single European Transport Area – Towards a 
competitive and resource efficient transport system’ sets the target to halve the use of ‘conventionally-fuelled’ cars 
in urban transport by 2030, phase them out in cities by 2050 and achieve essentially CO2-free city logistics in major 
urban centres by 2030’(European Commission Roadmap… 2011). 
Lately there have been a number of papers dedicated to compare the economic feasibility of electric vehicles 
(EV) as opposed to internal combustion engine (ICE) vehicles (Wu et al. 2015; Tseng et al. 2013), however not 
many have been specific to electric busses (Graurs et al. 2014). There are however several major differences from 
ordinary cars, which should be taken into account. Individuals when choosing a car mostly take into account the 
initial investment and attach much higher importance to non-monetary considerations as style, image or status (Choo 
et al. 2004), today individual EV buyers are still early adopters and they are choosing EVs for environmental reasons 
and not so much about economic efficiency (Turrentine & Kurani 2007). Bus purchases on the contrary, are 
financially evaluated (Feng & Figliozzi 2013; Lajunen 2014), and because operational expenses accounts for much 
higher proportion than for cars, busses are potentially a good market for electric application.  
The aim of this paper is to assess the current financial viability of electric busses from regional perspective. To 
achieve the aim this paper shall first adjust applicable evaluation methodology to include regional aspects and then 
carry out the economical analysis of two technologies based on existing situation in Latvia.  
2. Materials and methods 
The total regional development benefit (E) would be the cost difference between ordinary ICE buses if they were 
replaced by electric buses. One way to estimate the total effect would be to multiply the effect from replacement of 
one ICE bus (Eb) one with the number of ICE buses replaced by BEBs (Nb). This approach however is impractical to 
use for regional benefit calculations because it is almost impossible to determine the exact number of busses used 
for passenger transportation full time. Instead, number of total distance driven, number of passengers and amount of 
passenger kilometres is usually readily available from local transportation authorities. Although passenger 
kilometres might be more universal unit for wider analysis of sustainable regional development, however because of 
the limited scope of this paper use of total distance is more straightforward.  
Thus the total economic effect for regional development (E) will be the effect on one kilometre (Ekm) multiplied 
by number of kilometres driven in the region (Nkm): 
∑=⋅=
N
kmmkkm ENEE 1 .  (1) 
Total Cost of Ownership (TCO) analysis has been used to calculate the effect on one driven km. TCO is generally 
accepted method for comparison of two vehicles during their lifetime, where all costs of vehicle purchase and use 
during vehicle lifetime are calculated. However, in order to evaluate regional effect, the traditional TCO must be 
amended, which will be presented in this paper.  
TCO can be broken down in several main components. For commercial purposes the general form of TCO 
calculation is used to compare two vehicles of the same technology: 
( ) ( )RVΔPVCΔPVΔCΔTCO −+= 0 ,  (2) 
where C0 is initial investment, PV(C) is present value of all the costs during vehicle lifetime and PV(RV) is present 
value of residual value of the vehicle (i.e. the value, at which the vehicle can be sold at the end of the usage life). 
Present value (PV) is calculated as 
( )
∑
+
=
t
t
r
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1
,  (3) 
where Ct denotes costs at year t and r denotes cost of capital.  
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However, to compare two different technologies, the costs can be analysed in three dimensions (Feng & Figliozzi 
2013) presented in Table 1: general factors – which applies to both technologies equally – like discount rate, 
utilization levels; some of the general factors must be included in the model, while others can be dismissed as they 
will be equal for both technologies and thus cancel each other out; electric vehicle factors: which applies to electric 
bus, like electricity price and inflation, efficiency, maintenance costs etc. and ICE vehicle factors: which applies to 
existing diesel busses, like diesel price, inflation and efficiency. 
In addition, when analysing regional impact, external costs have to be taken into account as well.   External costs 
(CEXT) are costs that the country incurs indirectly from the health problems associated with air pollution, which 
happens because of transportation.  As the electric vehicles are much less polluting, there is significant benefit to 
country in general by decreasing external costs from not using internal combustion engines. Methodology for 
calculation of external costs is beyond the scope of this paper; therefore, already calculated negative external costs 
for using EV instead of ICE vehicle has been assumed in this research to be 2.0 eurocents per kW (Buekers et al. 
2014). 
( ) ( ) ( ) ( )EXTICEEV CΔPVRVΔPVCPVCPVΔCΔTCO +−−+= 0 . (4) 
Table 1. Factors influencing TCO of Electric Vehicles and Internal Combustion Engine (ICE) vehicles. 
Factor General   Specific to Electric vehicles CEV Specific to ICE vehicles CICE 
Capital costs 
Initial purchase costs Different for EV and ICE Charging Infrastructure costs Fuel station costs 
Discount rate Equal × × 
Residual value Currently ambiguous, assumed 
equal 
× × 
Operational costs 
Utilization level Equal × × 
Salaries Equal × × 
Bus station services Currently unknown, assumed 
equal 
× × 
Annual legal costs (which includes 
taxes, insurance, etc.) 
Currently ambiguous, assumed 
equal 
× × 
Energy Costs × Electricity Costs, electricity price 
inflation 
Diesel costs, diesel price 
inflation 
Materials  Mostly currently unknown, 
assumed equal, although 
should be lower for EVs 
Battery replacement costs × 
 
Capital costs include initial investments and residual value of the vehicle. However, as this has been noted in 
other papers (Lebeau et al. 2013), residual value of the electric vehicles currently is quite ambiguous. Because of the 
several factors, including lack of EV historical performance information especially regarding battery life and, hence 
lack of trust and unwillingness to take risks, the residual values for electric vehicle leases today hardly represent 
their actual expected values by the end of their useful life (Jaudzems 2013). Some researchers avoid this by 
calculating battery replacement as part of vehicle usage (maintenance) costs or to omit residual values completely 
(Gnann 2013) by assuming that vehicle owners will use the vehicle until the residual value is zero. For the sake of 
limited scope of this paper the same assumption will be used that the residual value for both ICE vehicles and BEBs 
at the end of their useful life is zero. Thus capital costs for this article would be initial purchase costs.  
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Because regional benefits for the particular year are calculated using total distance, investments can be 
annualized by using annualized cost factor (7):  
( )
( )( )tr
rCAPV
−
+−
=
11
Factor Cost  Annualized 0 . (5) 
After capital costs have been annualized, the capital costs per km can be calculated, by dividing the costs with a 
typical yearly distance for public transport bus (DB). 
Final formula for calculating total yearly benefit for replacing ICE bus with BEB is  
( ) ( )[ ] mkEXTICEEVB NΔCCCDCΔAPVΔTCOE ⋅+−+⋅== −10 ,  (6) 
where annualized capital costs per kilometre are used and costs per kilometre for operational costs are used, which 
then are multiplied by total number of kilometres driven for public transportation. 
3. Results and discussion 
Currently the costs for diesel busses range from 220 thousand to 380 thousand EUR. The average bus price in the 
last procurement announced in 2013 by Riga city public transportation provider ‘Rīgas Satiksme’ was 
332.5 thousand EUR (Rīgas… 2013), which shall be used as a reference price. Available information regarding 
electric bus prices is very widespread, starting from 200 thousand GBP (350 thousand EUR) (Nottingham… 2014) 
to 850 thousand USD (800 000 EUR) (He 2013). Average price of 550 000 EUR was used for the calculations, 
which has also been used by other researchers (Cooney 2011). The discount rate for municipalities in Latvia is 
determined by State treasury and on March 2013 it was 1.159% with a 10 year fixed rate (Latvia… 2015). Hence the 
annualized value of ICE bus for 7 years is 49.7 thousand EUR but value of BEB is 82.2 thousand EUR. 
Most busses are on the road as much as 20 hours a day 7 days per week (Hua at al. 2014). According to United 
States DoT guidelines the useful life of buses is 12 years or 500 000 miles (804 672 km) (Laver at al. 2007). A 
similar applicable EU Regulation (EC) No 595/2009 on type-approval of motor vehicles and engines with respect to 
emissions from heavy duty vehicles (Euro VI) sets the mileage and period of time by reference to which the tests for 
durability of pollution control devices undertaken for type-approval and testing of conformity of in-service M3 
category busses exceeding 7.5 tonnes to 7 years or 700 000 km (European Parliament… 2009). Thus 100 000 km 
per year average driven distance for busses has been used in this research. 
This lifetime assumption also will solve intricate question regarding necessity of battery changes during bus 
operation life, where there are variety of opinions among authors.  For the sake of limited extent of this article it is 
assumed that the warranty period vehicle manufacturers are giving for the batteries can be used as the guide for the 
useful electric bus life. For most of the electric vehicles the battery warranty is 8 years or 100 thousand miles 
(160 thousand km), therefore it has been assumed, that during bus life two additional battery packs shall be needed 
in years 3 and 6. 
On average the battery costs are approximately 600 EUR·kw–1 (Ernst at al. 2011) and expected to decrease, thus 
making BEBs financially more attractive in the future. As an example BYD 40 foot electric bus battery pack with 
324 kWh (BYD… 2015) has been used in this research, so the total cost of battery pack would come to 
194 000 EUR or 55.2 thousand EUR annually. 
Energy consuption was based on the following assumptions: the lowest energy consumption of the diesel bus is 
2.5 kW·h·km–1 (Pérez-Martínez & Sorba 2010), the energy consumption of electric bus is 2 kW·h·km–1 (Barnimer 
2010). Using energy tarrifs set by Latvian utility company the average charging cost is 0.086 EUR km–1, while the 
cost of fuel for the diesel bus which drives the same distance annually, is much higher – for the diesel price 
1.2 EUR·L–1 it is more than 0.6·EURkm–1. 
The total costs from BEB per km is 1.40 EUR km–1 (see Table 2), thus they currently are still higher than those of 
ICE buses – 1.10 EUR km–1. The most expensive still are the batteries – with costs 0.55 EUR km–1 which account 
for almost a third of the all costs, they effectively cancel the benefits gained from decrease in energy costs. 
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Admittedly, with battery cost decrease rate that has be seen during last few years, this difference should disappear 
during next years, however meanwhile these results show strong opportunities for other technologies that might 
decrease battery costs, like using wireless battery charging.  
Table 2. Summary of the cost comparison between Diesel and Electric busses. 
Costs 
Investment (EUR)   Annuity (EUR)   Per km (EUR)   % 
Diesel Electric   Diesel Electric   Diesel Electric   Diesel Electric 
Initial investment 332493 550000 49726 82256 0.50 0.82 45 58 
Battery replacement × 369208 × 55217 0.00 0.55 0 39 
Energy costs × × 60000 8648 0.60 0.09 55 6 
External costs × × × × 0.00 -0.04 0 -3 
Total × ×   × ×   1.10 1.42   100 100 
 
The total benefit from BEB per km is – 0.32 EUR km–1. 
4. Conclusions 
This research has demonstrated that with current technologies and current state of affairs in Latvia the benefits 
from electric busses do not cover the additional costs yet.  Main problem so far is battery replacement costs. 
The results also show, that new alternative technologies, like wireless battery charging, can help increase BEB 
feasibility and there should be additional studies regarding economics of these alternatives. 
The results prove that electric public bus operation expenses are substantially less than the ones for the diesel bus, 
and that proper choice of electric energy supply tariff plan can also substantially reduce costs. Research also proved 
that developed model can be used for further research of electric public transportation use feasibility studies. 
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